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ABSTRACT
Increasing efficiency and success of multiple ovulation and embryo transfer
continues to be a goal of researchers and practitioners. Reports of pregnancy rates
exist; while few evaluate term development and offspring performance. Previously,
Scenna et al. (2008) exposed embryos to three collection medium treatments while
being collected from superovulated, beef donors on day 7. Medium treatments
consisted of commercial medium plus 1 mL DMSO (VEH), commercial medium plus
100 nM of AL 8810 (AL100), or a commercial medium plus 1000 nM of AL 8810
(AL1000). Embryos (n = 1,734 at 6 locations across 17 replicates) were transferred
(fresh or frozen in ethylene glycol) by five experienced technicians. Pregnancy rates
increased in recipients receiving embryos collected in media containing AL100 (65%)
and AL1000 (60%) compared to Vehicle (50%; P = 0.0007) as previously reported. As
a continuum of this research interest, pregnancy retention rates (PRR) of recipient
animals receiving embryos exposed to the above treatments, and performance of
resulting offspring was evaluated. Pregnancy retention rate was defined as the
percentage of recipients calving that were diagnosed pregnant after embryo transfer.
Calving information was available on 910 confirmed pregnancies of the 1,734 transfers
(VEH, n = 294; AL100, n = 267; AL1000, n = 349). Similar to initial pregnancy rates,
PRR did not differ between AL100 and AL1000 (95% ± 0.10 and 91% ± 0.02,
respectively; P = 0.72); therefore, these groups were combined for subsequent analysis
of PRR. Addition of AL 8810 to collection media of embryos increased PRR compared
vi

to VEH (92% ± 0.02 vs. 83% ± 0.03, respectively; P = 0.01). Furthermore, a trend was
noted for improved average daily gain differences between fresh and frozen embryos
(1.13 kg ± 0.03 vs. 1.02 kg ± 0.05, respectively, P = 0.07). Analysis of other production
traits (gestation length, sex ratio, birth weight, weaning weight, death loss) revealed no
differences due to collection media treatment, transfer type (fresh vs. frozen), or
interactions. Therefore, inclusion of a prostaglandin F2α receptor antagonist to collection
media of embryos increased initial pregnancy rates and subsequent pregnancy
retention rates without influencing calf viability or normality.
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Chapter 1
Introduction
In beef cattle operations, the most important economic factor is production of a
weaned calf. Management practices, in part with assisted reproductive technologies,
have been utilized to improve reproductive performance of cattle. However,
technologies such as multiple ovulation and embryo transfer possess greater variability
in terms of pregnancy establishment and offspring production when compared with a
natural mating or artificial insemination system (Maurer and Chenault, 1983;
Vasconcelos et al., 2006). Therefore, the ability to decrease this variation will allow the
producer to better access to the genetic advantages provided by the use of multiple
ovulation and embryo transfer.
Multiple ovulation and embryo transfer (MOET) have the ability to increase profits
through propagation of ova leading to more animals being produced from superior
genetic lines. MOET allows “genetically inferior” animals (recipients) to produce and
raise genetically superior offspring that would have a positive impact on improving
production levels in fewer generations. However, this technology has been
underutilized, possibly due to greater variability of success (Hasler, 2004; Hasler, 2006;
Robertson et al., 2008). A producer’s ability to increase genetic improvements coupled
with more total offspring can directly impact profitability.
Today, relative success of MOET programs is similar to early attempts (Hasler,
2001; Hasler, 2004; Hasler, 2006). Studies to identify sources of lowered success
indicate a multifactorial source of loss. These sources include decreased fertilization
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rate (King et al., 1985; Putney et al., 1988; Sartori et al., 2002; Sartori, 2004),
chromosomal abnormalities (King, 1985; Hansen, 2002), environmental stressors
(Putney et al., 1988; Putney et al., 1989; Sartori et al., 2002), nutrition (Sreenan and
Diskin, 1987), and intrinsic recipient factors (Sreenan and Diskin, 1987; Peterson and
Lee, 2003). Many of these lead to production of prostaglandin F2α (PGF) which has
been identified as the luteolytic agent in the bovine as well as having direct negative
effects on the embryo by causing a delay in development (Schrick et al., 1993; Seals et
al., 1998; Hockett et al., 2004; Scenna et al., 2004). Utilization of agents to prevent
synthesis or binding of PGF to its receptors has been shown to improve pregnancy
rates (Buford et al., 1996; Scenna et al., 2004; Scenna et al., 2005). Identification of
PGF receptors on the bovine embryo (Scenna et al., 2006) and a receptor antagonist
(AL 8810) designed to prevent PGF receptor binding (Griffin et al., 1999) has led to
increased pregnancy rates following transfer of embryos (Scenna et al., 2008). Scenna
and co-workers (2008) included the PGF receptor antagonist, Al 8810, in embryo
collection media allowing the antagonist to bind directly to embryonic receptor sites.
This resulted in an increased percentage of embryo transfer recipient’s ability to
establish pregnancies.
However, the beneficial effects of AL 8810 have only been identified for the
improved establishment of pregnancies in the bovine (Scenna et al., 2008). The long
term effects of AL 8810 in regards to pregnancy retention to term and on calf viability
have yet to be established. Therefore, as a result of the previous work performed by
Scenna and co-workers (2008), it is speculated that the addition of the PGF receptor
2

antagonist, AL 8810, will improve the pregnancy retention rate and viability of offspring
resulting from PGF receptor antagonist treatment during the embryo collection process.
As a continued effort to establish the beneficial effects of AL 8810, the current thesis
utilizes previously established embryo transfer pregnancies (Scenna et al., 2008) to
measure the pregnancy retention rate of recipient animals and postnatal calf
performance following PGF receptor antagonist treatment.
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Chapter 2
Literature Review
Multiple Ovulation and Embryo Transfer
1. Application and History of Embryo Collection and Transfer
Multiple ovulation and embryo transfer (MOET) protocols and programs are not
new concepts to the scientific or applied agricultural fields (see Figure 1). The first
recorded successful embryo transfer was performed in rabbits in 1890 by Walter Heape
(reviewed by Hasler, 2004). These early transfers were performed using surgical
techniques to collect and transfer embryos. Since then, MOET has become an
invaluable tool for both research and production applications. The ability to stimulate an
individual animal in order to rescue oocytes from atresia and recover subsequent
embryos has been advantageous for both scientists and producers. Multiple ovulations
allow the ability to increase reproductive potential of high quality animals. For
producers, this increases their profitability through the obvious advantage of increased
numbers of marketable offspring and superior genetics. In addition, gains in genetic
performance can be obtained through mating selections for traits of economic interest.
Beyond the production level, superovulation techniques provide scientists with a
potentially endless supply of ova that can be utilized for research purposes. Today’s
scientists are exploring therapeutic solutions for many diseases through the use of
embryonic stem cells. Superovulated ova also provide a steady supply of research
material rescued from cellular death and wastage.
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1930 Discovery
of PMSG
(Cole & Hart)

1890 1st ET
by Walter
Heape
(Hasler, 2004)

1949 Non-surgical ET
techniques outlined
(Rowson & Dowling)

1940/1943 1st
use of PMSG for
superstimulation
(Casida et al.)

1950 1st ET lamb and
calf produced
(Lopyrin; Willett et al.)

1949 1st Ovine
embryo produced
(Warwick & Berry)

1970’s
Commercial ET
industry
develops
(Hasler, 2004)

Figure 1. History of embryo transfer procedures and technology.

However, adoption of MOET for use in farm animals was slow. The first lambs
(Warwick and Berry, 1949; Lopyrin et al., 1950) and calves (Willett et al., 1951) were not
produced until 1949 and 1950, respectively. Early embryo recoveries and transfers
were performed by surgical techniques (reviewed by Gordon, 1983; Seidel et al., 1985;
Betteridge, 2003; Seidel and Elsden, 2003; Hasler, 2006; Robertson et al., 2008) in
which an incision was made either in the flank or mid ventral line to expose the
reproductive tract. However, during early stages of embryo transfer research, scientists
were also developing the current concept for today’s non-surgical techniques (Rowson
and Dowling, 1949). Additionally, pregnant mare serum gonadotropin (PMSG) was the
first hormone identified (Cole and Hart, 1930) and used (Casida et al., 1943) for ovarian
superstimulation. Further research refined the protocols used for superstimulation to
identify the most effective dose and timing of PMSG administration (Rowson, 1975;
Sreenan and Gosling, 1977).
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In response to a growing demand for novel imported cattle breeds (reviewed by
Gordon, 1983; Seidel and Elsden, 2003; Mapletoft and Hasler, 2008), techniques and
protocols continued to evolve as MOET grew into a commercial industry during the early
1970’s (Hasler, 2004). The current MOET industry utilizes non-surgical collection and
transfer techniques, along with more sophisticated protocols and hormones for estrus
synchronization and superstimulation (reviewed by Betteridge, 2003; Seidel and Elsden,
2003; Hasler, 2006; Mapletoft and Hasler, 2008; Robertson et al., 2008). Unfortunately,
these improved tools have failed to improve overall success with MOET (Hasler, 2004;
Hasler, 2006). According to reviews performed by Hasler (2004; 2006), the total
number of embryos being produced per collection has remained similar over the history
of the commercial industry. Additionally, pregnancy rates from these embryos have not
improved, despite better handling techniques, improved cryopreservation methods, and
greater understanding of donor and recipient management. Essentially, MOET is still in
its infancy, and for it to remain advantageous for producers and scientists, these
limitations must be corrected.
Production and Development of a Live Calf
2. Oocyte Production and Maturation
The ability to produce a live calf ultimately begins with production and maturation
of a viable oocyte that is developmentally competent and can be fertilized. An oocyte’s
development begins during early embryonic organization and formation of the
reproductive tract (reviewed by Hurk and Zhao, 2005). However, this review will focus
on development and maturation of oocytes that are arrested in the diplotene phase of
6

prophase I of meiosis through blastocyst formation and subsequent development of the
embryo and fetus to parturition.
Before an oocyte can be fertilized, it must first undergo maturation (see Figure 2;
reviewed by Bevers et al., 1997; Hyttel et al., 1997; Ward, 2008). Complete maturation
is accomplished through nuclear and cytoplasmic maturation (reviewed by Bevers et al.,
1997; Hyttel et al., 1997; Ward, 2008). Nuclear maturation refers to the luteinizing
hormone-induced resumption of meiosis and progression of meiotic divisions until the
oocyte again arrests at metaphase II until fertilization (reviewed by Hyttel et al., 1986;
Bevers et al., 1997). Meiotic divisions decrease the number of chromosome copies in
preparation for fertilization and syngamy. Cytoplasmic maturation is important for
restructuring of cellular material in preparation for growth and development of the
oocyte after fertilization (Hyttel et al., 1986). Additionally, cumulus expansion triggered
by follicle stimulating hormone disrupts junctional signaling from the cumulus to the
oocyte and may also play a role in maturation as well (reviewed by Hyttel et al., 1986;
Soom and Kruif, 1996; Hurk and Zhao, 2005; Ward, 2008). Ultimately, oocyte
maturation coupled with fertilization and subsequent oocyte reactivation leads to
embryonic genome activation necessary for development of a viable embryo (reviewed
by Fleming et al., 2004). Clearly, these processes are vital for the establishment and
success of pregnancy and any disruptions in these steps could lead to potential losses
in terms of offspring and economic efficiency.
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Nuclear and
cytoplasmic
maturation of
oocyte, oocyte
arrested at MII

Acrosome
Capacitated sperm
Pools of sperm
reaction,
being
fertilization,
capacitated
resumption of
meiosis

Figure 2. Processes and steps of oocyte maturation, sperm capacitation,
and fertilization in the bovine reproductive tract.
3.
Spermatozoa Production and Capacitation
In addition to oocyte maturation, spermatozoa development is also important for
the successful establishment of pregnancy and calf production. Spermatozoa are
produced in the testes under the direction of steroid hormones (reviewed by Walker and
Cheng, 2005). Once produced, sperm are transported and stored in the epididymal
duct system of the testes (reviewed by Amann, 1981). There, sperm acquire the ability
to fertilize and reach final maturity prior to ejaculation. As with the oocyte, the primary
focus of this review will target the processes that the sperm must complete once
ejaculated and enters the reproductive tract of the female.
Capacitation and Fertilization
The capacitation process must be accomplished before spermatozoa are able to
fertilize ova and occurs as sperm travels through the uterus (see Figure 2; reviewed by
Soom and Kruif, 1996; Florman, 2002). Capacitation causes biochemical changes that
8

destabilize the cellular membranes and allows sperm to bind with the zona pellucida
(ZP; reviewed by Soom and Kruif, 1996; Florman, 2002). Specific changes that occur
include coupling of signal pathways required for ZP binding, alterations in flagellar
motility for ZP penetration, and developmental ability of sperm to fuse with the oocyte
itself (reviewed by Florman, 2002).

Past studies have indicated that sperm cells form

pools of cells and attach to the wall of the isthmus. As sperm go through capacitation,
increased motility allows sperm to “break free” and migrate up the oviduct (see Figure 2;
reviewed by Soom and Kruif, 1996).
Capacitated sperm encounters the oocyte in the ampullary-isthmic junction (AIJ)
and results in sperm binding, acrosome reaction and fertilization (see Figure 2;
reviewed by Soom and Kruif, 1996; Florman, 2002). Sperm binds and penetrates the
ZP allowing it to fuse with the oocyte plasma membrane. This fusion causes an
increase in cellular calcium oscillations triggering oocyte activation (reviewed by
Florman, 2002). Reactivation of the oocyte allows meiosis to resume and ultimately
syngamy occurs with embryonic development following.
4. Early Embryonic Development
Early embryonic development progresses from the first cellular cleavage through
formation of the blastocyst (see Figure 3). Several important processes occur during
early development. First, embryonic genome activation (EGA) or transition from
maternal to embryo protein production must occur

9
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Blastocyst
Blastocyst
Morula

EGA Compaction

Developmental stages
most susceptible to the
effects of PG
Figure 3. Early embryonic development of bovine embryos from first mitotic
division through blastocyst hatching.
(reviewed by Betteridge and Fléchon, 1988; Barnes and Eyestone, 1990; Telford et al.,
1990; Hyttel et al., 1997). The transition in cattle was identified as occuring at the 8-16
cell stage or between the 3rd and 4th cleavage cycle (reviewed by Betteridge and
Fléchon, 1988; Barnes and Eyestone, 1990; Telford et al., 1990), and embryos unable
to make this transition fail to progress through development (Barnes and Eyestone,
1990; Telford et al., 1990).
Second, as cellular cleavage continues, embryonic cells (Blastomeres) undergo
compaction (reviewed by Betteridge and Fléchon, 1988; Watson, 1992). As compaction
occurs, the edges of each blastomere become indistinguishable and lead to the
formation of a morula stage embryo (reviewed by Betteridge and Fléchon, 1988).
10

Within the morula, two distinct cell lines begin to emerge: those forming the inner cell
mass (ICM) and those resulting in the trophectoderm (Abe et al., 1999). Additionally, as
these cells continue to develop, early tight junction complexes form that are necessary
for blastocyst formation (reviewed by Watson, 1992).
The final morphogenetic process of the early embryo is development of the
blastocyst (reviewed by Watson, 1992) and marks the embryo’s final preparation before
hatching from the ZP (reviewed by Betteridge and Fléchon, 1988). The tight junctions
between trophoblast cells continue to develop and allow fluid to be “pumped” into the
embryo via ion channels and sodium/potassium ATP-ase pumps (reviewed by Watson,
1992). These “pumps” cause formation of the blastocoele cavity and expansion of the
embryo to cause hatching (Betteridge and Fléchon, 1988; Watson, 1992; Abe et al.,
1999; Fleming et al., 2000). The inability to hatch from the ZP prevents the embryo
from signaling pregnancy to the dam and embryonic death will ultimately occur.
5. Maternal Recognition of Pregnancy
Maternal recognition of pregnancy (MRP) is a set of physiological changes in
maternal function caused by signals derived from the developing conceptus (see Figure
4; reviewed by Hansen, 1997; Goff, 2002). The synchrony of the uterine environment
and cycle of the cow will not wait for the embryo. Therefore, the embryo’s fate depends
on its ability to produce a signal that prevents
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Placental Attachment
Re-expansion

Hatching
Filamentous elongation, maternal recognition
of pregnancy, and IFN-tau production
Figure 4. Stages of development from embryo hatching through embryo
elongation and placental attachment.
luteolysis (Goff, 2002). Two signal sources exist in the bovine: fetal secretory products
and anti-immune response agents (reviewed by Thatcher et al., 1984; Thatcher et al.,
1985; Farin et al., 1990; Nephew et al., 1994; Hansen, 1997; Mann and Lamming, 2001;
Goff, 2002). Presumably, both work together to signal the presence of a viable embryo.
In order for a pregnancy to be maintained, luteolysis must be prevented for
progesterone to remain high, aided by production of fetal signaling proteins (Goff,
2002). Early research identified this protein as interferon-tau (reviewed by Thatcher et
al., 1984; Thatcher et al., 1985). IFN-tau is produced by trophoblast cells of both sheep
(days 13 to 15) and cattle (days 14 to 25), which coincides with maternal recognition of
pregnancy (Farin et al., 1990). Embryos that do not elongate and produce IFN-tau fail
to signal pregnancy (Goff, 2002). Mechanistically, IFN-tau prevents luteolysis by
12

disrupting the oxytocin-prostaglandin F2α feedback loop (reviewed by Thatcher et al.,
1984; Thatcher et al., 1985; Mann and Lamming, 2001; Goff, 2002). IFN-tau binds to its
receptors on the uterus and prevents the propagation of oxytocin (OT) receptors and
inhibits the OT-induced production of PGF.
Furthermore, immunosuppressive mechanisms also play a role in maternal
recognition of pregnancy (reviewed by Hansen, 1997) by preventing rejection of the
conceptus. Essentially, major histocompatibility antigens found on the trophoblast
redirect the dam’s immune response, develop maternal tolerance of the conceptus, and
activate lymphocytes to serve as immune suppressors (reviewed by Hansen, 1997).
The conceptus produces prostaglandin E2, IFN-tau, and lactosaminoglycan to mediate
these effects, while uterine milk and another unidentified protein are contributed from
the maternal side to aid in lymphocyte production (reviewed by Hansen, 1997). The
importance of these responses were demonstrated by failure of clone pregnancies to
develop normal placentas when conceptus/dam differences in histocompatibility
antigens were observed (Davies et al., 2004).
Placental Attachment
The proper development and attachment of the placenta to the uterine
endometrium is crucial for late embryonic and fetal growth (see Figure 4; Schlafer et al.,
2000; Davies et al., 2004). The placental connections between the conceptus and dam
provide sites for metabolic nutrient and waste exchange. Trophoblast cells will combine
with endoderm cells to form the chorion. As this membrane surrounds the embryo, the
amnionic cavity and allantois are formed. As the allantois grows, it while eventually fuse
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with the chorion to form the chorioallantoic membrane, which serves as the point of
conceptus attachment to the uterine endometrium (reviewed by Betteridge and Fléchon,
1988; Schlafer et al., 2000).
Placental attachment occurs around day 30 of gestation marked by the formation
of placentome regions (reviewed by Schlafer et al., 2000; Davies et al., 2004). The
placentome consists of the maternal caruncle and the fetal cotyledon. These regions
form as cotyledons grow over the raised caruncles allowing the two to interlock and
finalize attachment (Schlafer et al., 2000). These regions become highly vascularized
and allow for signaling to occur between the conceptus and dam (reviewed by Schlafer
et al., 2000; Davies et al., 2004). Additionally, placentomes play a role in pregnancy
retention through production of immunosuppressive agents as previously described
(Hansen, 1997). Finally, placentomes must grow in concert with development of the
conceptus. These areas allow for nutrient, gas, and waste exchange and must be large
enough to support the conceptus late in gestation (reviewed by Prior and Laster, 1979;
Schlafer et al., 2000; Davies et al., 2004). Without this growth, the pregnancy can not
be maintained as was indicated by failure of clone pregnancies to reach term in the
presence of abnormal placentome growth (Davies et al., 2004).
Placental - Fetal Interactions
Proper development and differentiation of the placenta are required to meet the
increasing metabolic demands of the growing fetus (reviewed by Reynolds and Redmer,
1995; Reynolds and Redmer, 2001; Reynolds et al., 2005). Placental growth is rapid
during early gestation and slows during late gestation (reviewed by Ford, 1995;
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Reynolds and Redmer, 1995; Reynolds et al., 2005), contrasting growth of the fetus
during these periods. However, in late gestation, placental functionality is actually
increased due to increase vascularity and changes in cellular populations (reviewed by
Ford, 1995; Reynolds and Redmer, 1995; Reynolds et al., 2005). Ability of the fetus to
receive nutrients and remove waste products is accomplished through angiogenesis of
the placenta or growth and expansion of the vascular system (reviewed by Reynolds
and Redmer, 1995; Reynolds and Redmer, 2001; Reynolds et al., 2005). The
angiogenesis process is tissue specific in adult animals and controlled by three protein
families: vascular endothelial growth factors (VEGFs), basic fibroblast growth factors
(bFGFs), and members of the angiopoietin (ANG) family which organize and propagate
capillary beds in and around the gravid uterus (reviewed by Reynolds and Redmer,
2001; Reynolds et al., 2005). Once organized, these capillary beds are responsible for
carrying metabolites and oxygen to and waste from the fetus. As gestation progresses,
these products become increasingly important and demand is maintained through
increase blood flood (Reynolds et al., 1986). Disruptions in the angiogenesis process
leads to decrease vascularity causing abnormal growth and possible fetal death
(reviewed by Reynolds et al., 2005).
Organ Development and Fetal Growth
Organ differentiation and organization occurs early during gestation (see Figure
5; Winters et al., 1942; Nichols, 1944; Green and Winters, 1945; Becker et al., 1951).
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Day 0
Fertilization

Day 22
Heart beating

Days 18-20
Formation of
nervous system

Day 27
Stomach and
lung formation

Day 26
Heart & liver distinct,
mesonephric ducts
present

Day 38-42
Firm placental
attachment

Day 40
Organs &
reproductive tract
differentiated

Figure 5. Timeline of major organogenesis points of the developing
conceptus.

Many processes begin shortly after hatching and differentiation is completed by day 42
when complete placental attachment has occurred (Winters et al., 1942; Green and
Winters, 1945; Becker et al., 1951). This time point also coincides with transition from
embryonic to fetal development. During fetal development, the majority of growth is
derived from growth and enlargement of the fetus, tissues, organs, and amnionic fluid
required to house and support this growth (Melton et al., 1951; Eley et al., 1978;
Anthony et al., 1986). Additionally, during fetal development, select organ systems
continue to specialize in preparation for postnatal growth and functioning (Winters et al.,
1942; Becker et al., 1951).
Initially, growth of a conceptus and early organ differentiation are through
hyperplasia, or increased cell number while maintaining overall size of the cells
(reviewed by Prior and Laster, 1979). This pattern shifts to a combination of
hyperplasia and hypertrophy (increased cell size) and ultimately gives way to complete
growth via hypertrophy late in gestation (reviewed by Prior and Laster, 1979). This
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pattern is reflective of the growth during fetal period. Developmental challenges that
slow propagation of cells during the hyperplasia period lead to permanent growth
retardation and possible mortality. However, developmental retardation during
hypertrophy is reversible, but long term effects on the fetus may continue to be present
(reviewed by Prior and Laster, 1979).
Parturition - The Final Step of Gestation
Parturition marks the final reproductive step in calf production. This physiological
process is triggered by fetal adrenal corticotrophin (ACTH) release from the pituitary
adrenal axis (reviewed by Young, 2001; Jenkin and Young, 2004). Increased ACTH
causes increase production of estradiol (E2) and prostaglandin F2α which work together
to decrease progesterone (P4) via luteolysis of the corpus luteum. This change in
hormone profiles allows for increase contraction of the uterus (reviewed by Young,
2001; Jenkin and Young, 2004). Increased uterine contractions combine with
abdominal muscle contractions to force the conceptus to rupture the placental
membranes and pass through the cervix and finally be expelled from the reproductive
tract. After fetal expulsion, the placenta is expelled through inflammatory responses
mediated by major histocompatibility antigens (Davies et al., 2004) and marks the
completion of parturition.
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Mating Systems
6. Embryo/Fetal Mortality - A Comparison of Natural, Artificial Insemination, and
Embryo Transfer
Despite the vast information that has been gained related to production of live
offspring, a perceived disparity still exists between conception rates of cattle mating
programs that utilize artificial insemination (AI) and embryo transfer (ET) when
compared to natural mating (NM) protocols. However, regardless of the mating system,
general infertility can be caused by many environmental factors (reviewed by Ayalon,
1978; Sreenan and Diskin, 1983; Sartori, 2004; BonDurant, 2007). The postpartum
anestrous period is the most critical time frame for cattle management. During this
period, fertility is decreased by general infertility, lack of uterine involution, short estrous
cycles, and anestrus due to stress factors (nutrition, suckling stimulus, photoperiod, etc.;
reviewed by Sreenan and Diskin, 1983; Short et al., 1990). These factors must be
controlled in all systems to allow for calf production.
Natural Mating and Artificial Insemination Systems
In reviewing literature on both NM and AI systems, it becomes evident that the
extent of reproductive losses and success in terms of calving rates are similar when
results are compared following a single service either by the bull or with AI (see Figure 6
and Table 1). It is generally accepted that fertilization rates of NM and AI range from
83-100%, with the majority being 90% and better (Henricks et al., 1971; Ayalon, 1978;
Sreenan, 1980; Maurer and Chenault, 1983; Sreenan and Diskin, 1983; Dunne et al.,
2000). The value ranges in estimate due to varying physiological conditions of cattle
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that were studied. However, care should be used when interpreting these results as
embryonic development was utilized to calculate fertilization rate in many early studies.
This would not account for the possibility of a sperm cell from penetrating and initiating
fertilization, but development was halted and the structure termed as a degenerate or
unfertilized ova. Nevertheless, the information can still provide insight and indicates that
lactating cows generally experience lower fertilization rates compared to virgin heifers
(reviewed by Ayalon, 1978). Thus, the majority of loss seen with both programs must
occur later in gestation. For both NM and AI systems, past research have indicated that
early embryonic development is when the majority of loss occurs (Ayalon, 1978; Roche
et al., 1981; Maurer and Chenault, 1983; Sartori et al., 2006).
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Losses Associated with Natural Mating
Day 0

Day 1

83-100%

Term

Day 30-40
20-37%

2.3%
50-60%

Fertilization
Rate

Fetal
Loss

Embryonic
Loss

Calving
Rate

Losses Associated with Artificial Insemination
Day 0

Day 1

83-100%

Term

Day 30-40
8-70%

0.4-10.6%
50-60%

Fertilization
Rate

Fetal
Loss

Embryonic
Loss

Calving
Rate

Figure 6. Timeline of reproductive losses associated with natural mating and
artificial insemination programs. Data and estimated losses adapted from
authors listed in table 1.
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Table 1. Fertilization rates, conception/pregnancy rates, and calving rates of natural
mating and artificial insemination research in beef and dairy cattle following single
services. Dairy cattle research marked with (dairy cattle) following author.
Author
Year
Results
Fertilization Rate
Hendricks et al. (NM)
Ayalon (review; AI)
Sreenan (AI)
Sreenan & Diskin
(NM/AI)
Maurer & Chenault (NM)
Dunne et al. (AI)
Embryonic Loss
Ayalon (review; AI)
Roche et al. (AI)
Maurer & Chenault (NM)
Vasconcelos et al.
(AI; dairy cattle)
Sartori et al.
(AI; dairy cattle)
Fetal Loss
Bellows et al. (NM)
Forar (AI; dairy cattle)
Dunne et al. (AI)
Vasconcellos et al.
(AI; dairy cattle)
Sartori et al.
(AI; dairy cattle)

Calving Rate
Sreenan & Diskin
(NM & AI; review)
Sartori et al.
(AI; Dairy Cattle)

1971 83-100% fertilization rates in both heifers and
1978 cows.
1980
1983
1983
2000
1978 10-24% & 14-15% embryonic loss in heifers and
cows respectively
1981 40% & 38% loss at days 18 & 28 of gestation
respectively
1983 63% of embryonic loss occurs by day 8 of
gestation
2006 36.5% pregnancy rate at day 25 of gestation
2006 31.1-38.1% pregnancy rate at days 25 & 32 of
gestation respectively
1979
1994
2000
2006

2.3% fetal loss
0.4-10.6% fetal loss
4.2% loss from day 30 to term
33% pregancy rate at day 46 of gestation

2006 31.2% pregnancy rate between days 60-66 of
gestation
30.9% pregancy rate between days 100-120 of
gestation

1983 50-60% calving rate
2006 25.5% calving rate
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Specifically, the majority of early embryonic loss occurs before day 8 with a trend of
continued loss until day 16 (Ayalon, 1978; Roche et al., 1981; Maurer and Chenault,
1983; Dunne et al., 2000). Similarly, the physiological state of the cow apparently plays
a large role in the ability of pregnancy to be established during early embryonic
development. For example, when early embryonic loss results for dairy cattle (Sartori et
al., 2006; Vasconcelos et al., 2006) are compared with beef (Ayalon, 1978; Roche et al.,
1981; Dunne et al., 2000), dairy cattle losses account for and explain the upper limits of
the early embryonic losses seen in figure 6. The causes of these losses have been
extensively studied and consist of uterine asynchrony, nutrition, stress, chromosomal
abnormalities, and management practices (Maurer and Echternkamp, 1982; Pope,
1988; Goff, 2002; Hansen, 2002; Vallet et al., 2002). Fetal loss does occur later in
gestation and is generally lower, but variation does exist due to cattle types,
environment, and management practices (Ayalon, 1978; Bellows et al., 1979; Forar et
al., 1995; Dunne et al., 2000; Sartori et al., 2006). Furthermore, a large portion of these
losses are caused by disease pathogens (reviewed by Ayalon, 1978; Sartori, 2004;
BonDurant, 2007) and affect the placental anatomy (Schlafer et al., 2000) causing a
disruption in exchange processes. The similarity in reproductive loss between NM and
AI systems following a single service are further verified with similar calving rates
(reviewed by Sreenan and Diskin, 1983). Therefore, the likely cause for discrepancies
between NM and AI is due to the number of services required to produce a pregnancy.
In a NM system the bull may have the opportunity to service a cow multiple times to
establish a pregnancy, while in contrast AI typically consists of a single service.
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Embryo Transfer Systems
In contrast to the NM and AI systems, mortality rates and possible causes must
be evaluated in two portions when discussing ET losses. The first being the production
of the embryo from the donor cow; and secondly, the recipient effects once the embryo
is transferred. When evaluating the literature for ET programs, a great deal of variability
is noticed when discussing reproductive loss (see Figure 7 and Table 2). However, the
same crucial time points are still important as discussed with NM and AI. The
physiological steps required for an embryo to signal and establish pregnancy is the
same once the embryo is placed in the recipient. The embryo must continue to develop
in pace with the uterus to prevent luteolysis as previously discussed.
Unlike NM and AI systems, more variation exists in fertilization rates with ET
programs (Putney et al., 1988; Sartori et al., 2002; Sartori, 2004). This variation may
result from the unique techniques utilized in embryo transfer. It has been suggested that
the superovulation of the donor cow forces oocytes to ovulate that were destined
Losses Associated with Embryo Transfer
Day 7

Term

Day 30-40
27-42%

3.1-12.9%
27.6%

55-100%
Fertilization
Rate

Embryonic
Loss

Fetal
Loss

Calving
Rate

Figure 7. Timeline of reproductive losses associated with embryo transfer
program. Data and loss estimates adapted from authors listed in table 2.
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Table 2. Fertilization rates, conception/pregnancy rates, and calving rates using
multiple ovulation and embryo transfer techniques in beef and dairy cattle following
single services. Dairy cattle research marked with (dairy cattle) following author.
Author
Fertilization Rate
Sartori et al.
(dairy cattle)

Sartori
(dairy cattle;
review)
Embryonic Loss
Spell et al.
Sartori et al.
(dairy cattle)
Vasconcelos et al.
(dairy cattle)
Fetal Loss
King et al.

Farin & Farin
Rodrigues et al.

Year

Results

2002 100% fertilization rate (heifers in summer)
55.3% fertilization rate (lactating cows in summer)
89.5% fertilization rate (dry cows in winter)
87.8% fertilization rate (lactating cows in winter)
2004 62.7% average fertilization rate

2001 73% pregnany rate on day 30 post transfer (83%
fresh; 64% frozen)
2006 34.4-42% pregnancy rate from days 25-32 post
transfer
2006 58.7% pregnancy rate at day 25 post transfer

1985 3.15% preganany loss during months 2-3 of
gestation
2.14% pregnancy loss during months 3-7 of
gestaion
1995 79% pregnancy rate at day 56 of gestation
1995 5.49% pregnancy loss from days 30-60 of gestation

Sartori et al.
(dairy cattle)

2006 30.7% pregnancy rate during days 60-66 of
gestaion
29.9%
pregnancy rate during days 100-120 of gestation

Vasconcelos et al.
(dairy cattle)

2006 45.8% pregnancy rate at day 46 of gestation

Calving Rate
Sartori et al.
(dairy cattle)

2006 27.6% calving rate at term
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for atresia. This may result in chromosomal abnormalities that could affect the ability of
the oocyte to fertilize and develop normally (Hansen, 2002). Additionally, environment
and physiological status can also play a role in the production of viable embryos (King,
1985; Putney et al., 1988; Hansen, 2002; Soto et al., 2003; Sartori, 2004). However,
the same care in interpreting fertilization rate results must be used for ET as with those
of NM and AI. Many authors utilize embryonic development as an indicator of
fertilization.Following collection, embryos that are deemed as high quality and viable are
transferred to recipient animals. Therefore, on day of transfer, ET pregnancy rate is
essentially 100%, unless the embryo is lost or remains in the straw following transfer.
Unfortunately, actual calving rates do not reach this level. Research reporting exact
calving rates are limited in the literature and are mainly confined to dairy cattle,
potentially as a result of the structural difference of management and ease of record
keeping and reporting between dairy and beef producers. However, a great deal of
research exists on embryonic and fetal loss in ET recipient cattle (see Table 2). As with
NM and AI, the majority of loss reported in ET is during early (before day 30) embryonic
development (Drost et al., 1999; Spell et al., 2001; Sartori et al., 2006; Vasconcelos et
al., 2006). Although more variation exists in reported data, pregnancy rates are similar
to those of NM and AI, following a single service. The process of maternal recognition
of pregnancy in recipients is the same as in NM and AI (reviewed by Thatcher et al.,
1985), the embryo must still reach a developmentally competent stage and produce
interferon- tau to signal pregnancy and immune rejection by the dam’s immune system
must also be prevented. Therefore, differences in early pregnancy rates have been
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attributed to factors unique to ET, such as chromosomal abnormalities, intrinsic
recipient factors, and increased exposure to prostaglandin F2α during early gestation as
a result of increased manipulation of the reproductive tract (Moore, 1985; Wilmut et al.,
1985; Sreenan and Diskin, 1987; Hansen, 2002; Peterson and Lee, 2003; Scenna et al.,
2005). Even still, a similar pattern for fetal loss is seen in the data as well (King, 1985;
Farin and Farin, 1995; Rodrigues, 1995; Sartori et al., 2002; Sartori et al., 2006).
Specifically, King and co-workers (1985) reported pregnancy losses of 3.15% (2-3
months of gestation) and 2.14% (3-7 months of gestation) during two different fetal time
points following embryo transfer. Similarly, Sartori et al. demonstrated a 3.1%
pregnancy loss from day 60 of gestation to term in dairy cattle embryo transfer
recipients. The results of these two ET reports are similar to the results found by
Bellows et al. (1979, 2.3% fetal loss in natural mating system), Forar (1994, 0.4%10.6% fetal loss in dairy AI), Dunne et al. (2000, 4.2% loss from day 30 to term with AI),
and others reporting losses following NM and AI. Therefore, after evaluating reports on
embryonic and fetal loss with ET, combined with the limited ET calving reports,
estimated calving rates can be assumed to be similar or only slightly lowered in
comparison to NM and AI.
Embryo Cryopreservation
The advent and adoption of cryopreservation within the embryo transfer industry
has become an integral part of assisted reproductive technologies for many mammalian
species (Leibo, 2008). The first frozen laboratory and farm animal embryo transfers to
result in live offspring were performed during the 1970s (reviewed by Miyamoto and
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Ishibashi, 1977; Willadsen et al., 1978; Songsasen et al., 1995). Since then, efforts
have been applied to identify the best application of various cryoprotectants to achieve
consistent and acceptable pregnancy and offspring production (Whittingham, 1971;
Miyamoto and Ishibashi, 1977; Willadsen et al., 1978; Leibo, 1984; 1986; McIntosh and
Hazeleger, 1994; Dochi et al., 1995; Songsasen et al., 1995). The goal of any
cryoprotectant is to prevent osmotic shock; therefore, the cryoprotectant must be able to
diffuse in and out of the embryo at a rate to limit or prevent cellular swelling (Leibo,
1984; Dochi et al., 1995). However, despite varying types of cryoprotectants,
cryopreservations of embryos continue to yield variable results in terms of pregnancies
and live offspring.
Currently, direct transfer methods of cryopreservation utilizing ethylene glycol
(EG) offer the advantage of increased permeability (Miyamoto and Ishibashi, 1977).
Therefore, deleting the need to re-hydrate the embryo for removal of the cryoprotectant
post thaw (i.e. when using glycerol). This offers the advantage of direct transfer to
recipients combined with increased pregnancy rates (Dochi et al., 1995; Songsasen et
al., 1995) and has become a standard tool in current ET programs. Conversely, others
report pregnancy rates as being similar between EG and glycerol (McIntosh and
Hazeleger, 1994). However, the benefit of directly transferring embryos reduces time
spent thawing embryos and equipment needed in the field.
Unfortunately, variability exists in terms of embryo viability, ability to establish a
pregnancy, and offspring production following cryopreservation. Miyamoto and
Ishibashi (1977) were among the first to report the use of EG in the mouse model. Their
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results revealed viability based on blastocyst development to be between 71-78% post
thaw while corresponding transfer of 20 blastocyst to three recipient (6-8
blastocyst/horn/female) resulted in the establishment of four normal fetuses found in
one recipient sacrificed. These results are in agreement with those of McIntosh and
Hazeleger (1994) who reported a 59% pregnancy rate following transfer of EG
preserved bovine embryos. However, caution should be used in interpreting these
results, as non - preserved (fresh) controls were not utilized for comparisons. On the
other hand, the results of Songsasen and co-workers (1995) indicate that hatching rate
for EG cryopreserved sheep embryos to be 12-30% reduced in comparison to non treated (fresh) controls, followed by a 36% pregnancy rate of EG - frozen/thawed
embryos. Collectively, these results indicate that EG offers many advantages over
other cryoprotectants but at the same time, non - treated embryos are potentially more
efficient.
Additionally, offspring produced from the transfer of frozen/thawed embryos
experienced decreases in postnatal growth and development (Cifre et al., 1994;
Dulioust et al., 1995; Cifre et al., 1999; Auroux, 2000). Specifically in the rabbit model,
Cifre and co-workers (1994; 1999) reported a decrease in both weaning weights and
litter average daily gain of offspring produced from frozen/thawed embryos. This
evidence indicates that possible carry over effects exist beyond the impaired
establishment of pregnancy, and negatively affect growth of offspring.
Therefore, the problem still remains of limited improvements despite increased
understanding and technology (Hasler, 2001; Hasler, 2006). Thus, any technique that
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can improve consistency of ET is extremely valuable. Recently, a great deal of
research has focused on the negative effects of prostaglandin F2α and how it uniquely
applies to bovine ET.
Prostaglandin F2α
7. Prostaglandin F2α Impacts on Reproduction
As discussed earlier in this review, prostaglandin F2α (PGF) has been identified
as the primary luteolysin involved in corpus luteum regression, progesterone decline,
and subsequent pregnancy termination in both sheep and cattle. This compound is
responsible for controlling biological steps of the estrous cycle in absence of a
pregnancy. Due to the negative physiological effects of PGF on pregnancy it can be
assumed that it may function to directly effect embryo development. In order to develop
techniques to prevent these negative embryonic effects to allow for improved embryo
transfer pregnancies, it is important to understand synthesis and actions of PGF on the
reproductive tract and extend these functions to the developing embryo.
Synthesis
Prostaglandin F2α and its upstream precursor, arachidonic acid (AA), are not
stored, but rather synthesized in response to hormonal stimuli (reviewed by Smith,
1989). Arachidonic acid is mobilized from fatty acid membranes (reviewed by Smith,
1989; Murakami and Kudo, 2002) via phospholipase A2 (PLA2) hydrolysis (reviewed by
Murakami and Kudo, 2002) . Conversion to PGG2 (cyclooxygenase reaction) and to
PGH2 (peroxide reaction) are both under control of prostaglandin endoperoxide H
synthatase (Smith et al., 1996). Finally, PGH2 is metabolized to PGF in the cells of the
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uterine endometrium. Additionally, this production path can be initiated via two different
pathways. The cyclooxygenase-1 (Cox-1; constitutive form) and cyclooxygenase-2
(Cox-2; inducible form) enzymes both aid in hydrolysis of AA from membranes to initiate
the PGF production path (reviewed by Smith et al., 1996). The inducible Cox- 2
enzyme is elevated during MRP and may be the isotype causing embryonic death in
response to oxytocin (OT) stimulation (Charpigny et al., 1997).
Mechanisms of Action
Luteolysis is caused by pulsatile release of PGF combined with a reproductive
environment that is susceptible to effects of PGF (reviewed by Silvia et al., 1991).
Initially, pulses of OT from the posterior pituitary triggers uterine production of PGF, with
additional OT being released by the large luteal cells forming a feedback loop (reviewed
by Silvia et al., 1991). Despite the presence and functioning of PGF receptors (Wiltbank
et al., 1995), pulsatile secretions sufficient to cause luteal regression are only observed
late in the estrous cycle, (reviewed by Silvia et al., 1991). The lack of PGF pulses is
due to absence of uterine response to and pituitary/CL production of oxytocin (Silvia et
al., 1991).
Once synthesized, PGF acts through G-protein coupled receptors (reviewed by
Smith, 1989; Smith et al., 1996) and activates two primary second messenger signal
paths that lead to increased levels of intracellular calcium (reviewed by Nett et al., 1976;
Berridge, 1987; Davis et al., 1987). The inositol 1,4,5 trisphosphate (IP3)/diacylglycerol
(DAG) path (reviewed by Nett et al., 1976; Davis et al., 1987) causes structural
regression and apoptosis (Juengel, 1993; Rueda et al., 1995) of the CL. Conversely,
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DAG and protein kinase C (PKC) initiated calcium release serves to alter membrane
fluidity, disrupt receptors, and decrease CL functions of producing and responding to
hormones (Berridge, 1987; Davis et al., 1987; McGuire et al., 1994).
Effect of Prostaglandin F2α on Pregnancy in Livestock Species
The negative effects of PGF on embryo development have been identified in the
laboratory and farm animal model (Toole et al., 1988; Cooper et al., 1991; Schrick et al.,
1993; Seals et al., 1998; Hockett et al., 2004). These effects were suggested with in
vitro systems during the late 1970s and 1980s. During early development of IVF culture
systems, it was shown that steer serum and bovine serum albumin worked well for
embryo development (Rajamahendran et al., 1985; Canfield et al., 1986; Toole et al.,
1988). However, researchers hypothesized that development rates would improve by
using uterine flushings from cows following embryo collections. Unfortunately, addition
of uterine flushings during culture resulted in decreased embryo development (Canfield
et al., 1986; Toole et al., 1988) and many processes were implied to cause these
effects. Eventually, it was realized that PGF was the substance in flushings causing
disruptions in these culture systems, especially when day 15 uterine fluid was used
(period during the estrous cycle when PGF is increasing). Furthermore, these early
studies suggested that embryos were also affected around day 6 of development by
inclusion of uterine fluids in culture. This period of embryo development corresponds to
compaction and transition of morula to blastocyst stage embryos. Embryos, in which
uterine flushings were included in the culture media, were delayed in development, if
they progressed past the morula stage at all (Toole et al., 1988). Scenna and
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coworkers (2004) further validated these negative effects of PGF on embryos when
exposed during pre-compaction and/or compaction of in vitro-produced and in vivoderived bovine embryos. Inclusion of PGF in culture media negatively affected
development of pre-compacted embryos, while decreasing hatching rates of compacted
embryos.
Extensive research has been performed in the animal model to confirm the in
vivo effects observed in in vitro models. Schrick et al. (1993) rescued embryos from
short cycling cows by transferring them to normal cycling cows. The “short cycle” is
induced by early release of PGF during the early postpartum period and causes
regression of the CL (Cooper et al., 1991). The embryotoxicity of PGF-induced CL
regression was further confirmed by Buford and coworkers (1996). Due to the role that
the regressing CL and elevated PGF plays in mediating embryo loss, several studies
have attempted to block these effects using pharmaceuticals and anatomical changes in
the cow. In particular, Seals et al. (1998) and Hockett et al. (2004) attempted to
increase pregnancy rates through removal of the CL and supplementation with
exogenous P4. Both studies reported a negative effect of PGF on embryonic survival;
however, elimination of the OT-PGF feedback loop prevented these detrimental actions
on the embryo when exogenous P4 was provided. Lemaster and coworkers (1996)
observed decreased embryo development when exogenous oxytocin was administered,
even with CL removal; thus, allowing for reestablishment of the feedback loop. Buford
et al. (1996) successfully prevented the decrease in pregnancy rates following AI in
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short cycle cows caused by PGF by administering flunixin meglumine (FM), a known
inhibitor of cyclooxygenase activity.
During embryo transfer, manipulation of the uterine horn during placement of the
embryo causes release of PGF (Schallenberger et al., 1989; Wann and Randel, 1990;
Scenna et al., 2005). Subsequently, Scenna and coworkers (2005) were able to
improve ET pregnancy rates through administration of FM at time of transfer. However,
a drawback exists with this protocol. Flunixin meglumine is a potent inhibitor of both the
Cox-1 and -2 pathways (Guilbault et al., 1987; Aiumlamai et al., 1990; Scenna et al.,
2005), and may interfere with “beneficial” prostaglandins being produced during the
same time as preventing PGF.
Therefore, the identification of PGF receptors on bovine morula and blastocyst
(Scenna et al., 2006) has allowed the use of a specific receptor antagonist to prevent
negative effects of PGF at the embryonic level. Beneficial effects of AL 8810, a potent
selective antagonist of the prostaglandin F2α receptor (FPr; Griffin et al., 1999), were
identified in both the in vivo ET model (Scenna et al., 2008) and the in vitro culture
system (Scenna et al., 2004; Ward, 2008). The ability of AL 8810 to prevent PGF action
was validated by use in ocular treatments by preventing other PGF analogs with agonist
activities from binding the PGF receptors found in the eye (Hellberg et al., 2001;
Woodward et al., 2001; Yu et al., 2001; Sharif et al., 2003). In addition to Al 8810 (AL),
other PGF receptor antagonist have been identified and utilized to prevent preterm
births (Hirst et al., 2005; Olson and Ammann, 2007), but AL 8810 is novel in the fact
that it is similar to PGF in structure. Therefore, AL 8810 can bind directly to the PGF
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receptor to prevent the binding of the naturally produced hormone. This allows for
production of potentially “beneficial” prostaglandins and prostaglandin F2α as well, but
prevents PGF binding to the embryo, allowing for improved pregnancy rates in ET
systems (Scenna et al., 2008). This antagonist activity combined with the
understanding of apoptosis processes associated with cellular death may help improve
pregnancy rates and subsequent calving rates in ET programs. Rueda (1995) indicated
that when luteal cells are exposed to PGF, apoptosis causes DNA fragmentation.
Therefore, it is possible that a similar action is occurring within the developing embryo.
In fact, the ability of the FPr AL 8810 to prevent apoptosis in the developing embryo was
measured by Tsuchiya and co-workers (2009). Treated embryos expressed lower
levels of Bax gene mRNA, a gene known to function in apoptosis, indicating that PGF is
initiating apoptosis in the developing embryo and that AL 8810 is preventing these
negative effects. Therefore, apoptosis induced DNA fragmentation may affect genes or
whole cell lines that are required for later processes that are important for pregnancy
retention to term.
8. Summary of Literature
The major economic factor important for cattle operations is production of a
weaned calf on a yearly basis. The losses observed with ET are similar to NM and AI in
timing and physiological cause. However, discrepancies in the number of calves born
between ET and AI or NM systems still exist despite improved techniques. Research
utilizing a prostaglandin F2α receptor antagonist show promising results in terms of
improved pregnancy rates (Scenna, 2008). However, pregnancy rates may not always
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translate into live calves. Therefore, the premise of this thesis was to evaluate efficacy
of the prostaglandin F2α receptor antagonist, AL 8810, on the ability to improve
pregnancy retention rates (PRR) of recipient cattle that have been previously confirmed
pregnant following embryo transfer. Additionally, calf viability and normality were
evaluated as related to collection media, transfer type (fresh vs. frozen), and these
interactions.
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Chapter 3
Materials and Methods
Embryo Collection and Transfer
During a companion project (Scenna et al., 2008) to the current thesis, embryos
were collected from superovulated beef donor cows and transferred to recipients via
non-surgical techniques as previously described (Robertson et al., 2008). Embryo
collections were performed 7 days post estrus using three different media treatments.
Media treatments consisted of a commercially available medium plus 1 mL of dimethyl
sulfoxide (DMSO, Vehicle, VEH), commercial medium plus 100 nM of AL 8810 (AL100),
or commercial medium plus 1000 nM of AL 8810 (AL1000). Media treatments were
assigned randomly on collection day in a blind experiment by experienced technicians.
Aliquots of VEH, AL100 and AL1000 were stored frozen in 1mL of DMSO, then thawed
and mixed directly with collection medium (1 L). Following collections, embryos were
evaluated according to International Embryo Transfer Society guidelines for quality and
stage of development (Robertson and Nelson, 1998). Embryos (quality grades 1 and 2)
were either transferred as fresh or frozen (ethylene glycol) using commercially standard
material and procedures. Embryos (n = 1,734; VEH = 665, AL100 = 444, AL1000 =
625) were transferred at 6 different geographic regions across 17 replications by 5
experienced technicians. Fresh embryos were transferred into the ipsailateral uterine
horn associated with the presence of the CL via standard transfer techniques. Frozen
embryos were first air thawed (10-20 seconds) followed by a warm water thaw before
transfer with no further treatment or manipulation of the embryo or recipient animal.
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Pregnancy Determination and Pregnancy Retention Rate
Recipient cattle from the initial study (Scenna et al., 2008) were evaluated for
pregnancy via ultrasonography before day 60 or rectal palpation after day 60 post
transfer. Recipients that were determined to be pregnant via embryo transfer were
recorded and utilized for subsequent determination of pregnancy retention rate (PRR)
during the current thesis. Pregnancy retention rate was defined as the percentage of
animals calving that were diagnosed pregnant after transfer and verified by calving date
and blood testing if calving date accuracy was questionable. From the initial pool of
1,734 transfers, calving data on 910 confirmed pregnancies (VEH, n = 294; AL100, n =
267; AL1000, n = 349) were available for analysis of PRR within this thesis.
In addition to PRR, production trait records were also recorded on each
successful pregnancy that produced a calf. These data consisted of birth weight, birth
dates, calf sex, normality (live calf, with no apparent disorders), weaning date, weaning
weight, calf mortality rate, and pregnancy check date (used to determine timing of loss).
Gestation length was calculated utilizing transfer date and calving date. Additionally,
calving and weaning data were utilized to calculate average daily gain.
Statistical Analyses
A split plot treatment arrangement was utilized blocking on replicates (locations
and transfer date). Replicates were nested within transfer type to compensate for
differences in transfer type numbers between replicates. Transfer type (frozen vs.
fresh) served as the whole plot treatment applied to each embryo and collection media
served as the subplot treatment assigned to each collection.
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Analysis was performed using generalized mixed model analysis of variance
(GLIMMIX) in SAS 9.1 (SAS Institute, Cary NC, 2003), with an ilink back-transformation
to return least squares means to their original unit of measurement. GLIMMIX has the
ability to fit models with a binomial distribution as is necessary for the pregnancy
retention response variable. Two models were used to analyze data. The first model
contained pregnancy retention rate as a dependent variable with collection medium
treatment (VEH vs. AL100 or AL1000) and transfer type (fresh vs. frozen) as fixed
effects with year, month, and replicate as random effects. Additionally, collection
treatments and transfer type main effects were analyzed for possible interactions. A
significant difference for PRR was not observed between AL100 and AL1000 (95% ±
0.10 and 91% ± 0.02, respectively, P = 0.72) and were combined into a single group
(AL) for subsequent analysis.
Additionally, the second model for production traits was analyzed similarly as for
PRR, except normal distributions were assumed for these dependent variables. These
traits included gestation length, pregnancy check prior to or after day 60 (timing of loss),
birth weight (BW), sex ratio (SR), weaning weight (WW), and average daily gain (ADG)
as dependent variables. This model contained collection medium treatment and
transfer type as fixed effects and year, month, and replicates as random effects.
Results of all analysis are presented as least square means plus standard error of the
means. Furthermore, four specific pair wise contrasts were performed for PRR,
pregnancy check date, and ADG using SAS 9.1 (SAS Institute, Cary NC, 2003). These
contrasts consisted of the comparisons between the collection media (VEH vs. AL),
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transfer type (Frozen vs. Fresh) and their corresponding interactions of VEH-Frozen
versus AL-Frozen and VEH-Fresh versus AL-Fresh.
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Chapter 4
Results
Pregnancy Retention Rates (PRR)
Results obtained from the initial companion research performed by Scenna and
co-workers (2008) revealed increased pregnancy rates of recipient animals following the
addition of AL 8810 (AL) to embryo collection media compared to Vehicle (VEH) treated
embryos (61% vs. 48%, respectively, P < 0.0001). In continuation with the initial study,
the results of this thesis indicates that addition of the prostaglandin F2α receptor
antagonist (AL 8810) increased overall PRR compared to VEH (92% ± 0.02 vs. 83% ±
0.03, respectively, P = 0.01, Figure 8). Furthermore, a pair wise contrast revealed an
increase in PRR for AL treated frozen embryos compared to VEH treated frozen
embryos (92% ± 0.03 vs. 75% ± 0.07, respectively, P = 0.02, figure 6). However,
transfer type (fresh vs. frozen) did not effect PRR (P = 0.45, Figure 6).
Production Traits
In addition to PRR, several production traits were analyzed to identify possible
effects of AL 8810 during collection on pre- and postnatal calf development. Gestation
length was used to explain variation in prenatal growth patterns between collection
media and transfer type treatments. Differences between collection media, transfer
type, and subsequent interactions were not noted for gestation length (P = 0.35, 0.82,
0.55, respectively, Figure 9).
Further analysis of postnatal data for birth weight (P= 0.1, 0.93, 0.59, Figure 10), sex
ratio (P = 0.15, 0.76, 0.9, Figure 11), and weaning weight (P = 0.12, 0.3, 0.85, Figure
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12) indicated no statistical differences between collection media treatments, transfer
type, or subsequent interaction in all traits. A trend in transfer type (fresh vs. frozen)
was noted for average daily gain (P = 0.07). Calves resulting from fresh transferred
embryos tended to gain better than frozen contemporaries (1.13 kg ± 0.03 vs. 1.00 kg ±
0.05, respectively, P = 0.07, Figure 11). Beyond this effect, no differences existed
between collection media treatments and the transfer type by collection media
interactions for average daily gain (P = 0.10, 0.71, respectively).
Additionally, pregnancy diagnosis was performed at differing stages of gestation
based on location. Recipient animals were either pregnancy checked prior to or after
day 60 of gestation. Recipients that were diagnosed prior to day 60 experienced 13%
pregnancy loss to term compared to 7% (P = 0.08) loss for recipients that were
diagnosed after day 60 (data not shown). Furthermore, analysis of the collection media
treatment revealed a pattern for lower pregnancy loss in AL treated versus VEH treated
recipients when pregnancy was diagnosed prior to day 60 of gestation (9% vs. 19%,
respectively; P = 0.09, data not shown). However, implications can not be made from
this data due to only one diagnosis being performed on each animal with no subsequent
diagnosis to track the viability of the pregnancy to determine exact timing of loss.
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Figure 8. Pregnancy Retention Rates (PRR, %) of recipient animals receiving VEH
- or AL - treated embryos. Number of pregnancies per treatment variable located
in parenthesis. Bars within treatments with different superscripts (a,b P = 0.01; c,d P
= 0.02). Pooled SEM = 0.02, 0.03, 0.04, respectively for collection media, transfer
type, and their interactions. AL= AL100 and AL1000 combined; VEH= vehicle;
Fro= frozen transfer; Fre= fresh transfer.
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variable located in parenthesis. Pooled SEM = 1.10, 1.25, 1.55, respectively
for collection media, transfer type, and their interactions. AL= AL100 and
AL1000 combined; VEH= vehicle; Fro= frozen transfers; Fre= fresh transfers.
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Figure 10. Birth weight (kg) of calves resulting from VEH - or AL - treated
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interactions. Number of offspring per treatment variable located in parenthesis.
Pooled SEM = 0.70, 0.55, 0.78, respectively for collection media, transfer type,
and their interactions. AL= AL100 and AL1000 combined; VEH= vehicle; Fro=
frozen transfers; Fre= fresh transfers.
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Figure 11. Sex ratio (% females) of calves born from VEH - or AL - treated embryos
did not differ based on collection media, transfer type, or their interactions. Number
of offspring per treatment variable located in parenthesis. Pooled SEM = 0.03, 0.03,
0.04, respectively for collection media, transfer type, and interaction. AL= AL100
and AL1000 combined; VEH= vehicle; Fro= frozen transfers; Fre= fresh transfers.
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Figure 12. Weaning weight (kg) of calves born from VEH - or AL - treated
embryos did not differ based on collection media, transfer type, or their
interaction. Number of offspring per treatment variable located in parenthesis.
Pooled SEM = 9.41, 11.85, 13.25, respectively for collection media, frozen, and
their interactions. AL= AL100 and AL1000 combined; VEH= vehicle; Fro=
frozen transfers; Fre= fresh transfers.
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Figure 13. Average daily gain (kg) of calves born from VEH - or AL - treated
embryos. Bars within treatments with different superscripts (a,b P = 0.07) tend to
differ. Number of offspring per treatment variable located in parenthesis.
Pooled SEM = 0.07, 0.04, 0.05, respectively for collection media, transfer type,
and their interactions. AL= AL100 and AL1000 combined; VEH= vehicle; Fro=
frozen transfers; Fre= fresh transfers.
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Chapter 5
Discussion
Pregnancy Retention Rates
Negative effects of prostaglandin F2α (PGF) on early embryos and embryo
transfer pregnancy rates have been clearly documented (Schrick et al., 1993; Seals et
al., 1998; Scenna, 2002; Hockett et al., 2004). Additionally, previous research utilizing a
selective prostaglandin F2α receptor (FPr) antagonist in collection medium has been
shown to improve pregnancy rates of recipient animals following transfer of treated
embryos compared to vehicle treated embryos (61% vs. 48%, respectively, P < 0.0001;
Scenna et al., 2008). Incubation of embryos with the FPr antagonist prevented the
negative effects of PGF during both the collection and transfer processes. However,
the question remains as to the effect of this FPr antagonist on pregnancy retention rates
and offspring viability after birth. This thesis outlines these effects and is one of just a
few studies in the literature to follow and report calving rates and calf performance
following embryo transfer.
Reports from the literature and ET industry indicate pregnancy rates range from
50 to 80% (King et al., 1985; Farin and Farin, 1995; Hasler, 2001; Scenna et al., 2008).
However, limited data exist for pregnancy retention (PRR) and calving rates. Results of
this thesis indicate that pregnancy retention rates are successfully increased following
transfer of embryos collected with a selective FPr antagonist in the collection media as
was evidenced by a 9% increase (Figure 8). Therefore, not only do more embryos
exposed to FPr antagonist establish pregnancy; but also progress through pregnancy to
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produce more calves at term. A possible mechanistic role of PGF could be used to
explain the differences observed in pregnancy rates and PRR. First, the apoptotic role
of PGF in corpus lutea regression (Juengel, 1993; Rueda et al., 1995) and the presence
of PGF receptors on the embryo (Scenna et al., 2006) have been previously described.
Therefore, it is possible to assume that embryonic blastomeres undergo apoptosis and
cellular death and has been validated by Tsuchiya and co-workers (2009). This group
evaluated the level of BAX gene mRNA produced by embryos following exposure to
PGF. Additionally, they treated embryos with AL 8810 to prevent PGF binding and
consequently saw a reduction in BAX mRNA in treated embryos. Thus, embryonic
exposure to PGF is initiating cellular death via apoptosis. However, the number of cells
that enter apoptosis was not presented and could possibly explain results observed by
Scenna and co-workers (2008). Initiation of apoptosis in sufficient blastomeres to slow
early embryonic development to a point to prevent the establishment of pregnancy
could account for the 13% difference in pregnancy rate observed by Senna et al.
(2008). This theory is further validated by results of other authors (Seals et al., 1998;
Hockett et al., 2004; Scenna et al., 2004). These groups demonstrated that early
embryos (morula and blastocyst) are the most susceptible to negative effects of PGF
and that exposure of these embryos to PGF reduced development of morulas to
blastocyst and decreased hatching rate of blastocyst embryos.
However, if only a portion of blastomeres underwent apoptosis following
exposure to PGF, then it might be possible for these embryos to establish a pregnancy
and survive during early gestation. If sufficient blastomeres were damaged to prevent
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complete development of the placenta or organ systems, then reproductive loss could
be experienced later in gestation. In fact, conceptuses that do not develop a
functionally normal placenta or organ systems fail to develop to full term, with the
majority of pregnancies terminating early during gestation (reviewed by Cross, 2001).
Furthermore, initial growth of early embryos is through cellular hyperplasia, and
interruptions in growth during the hyperplasia period results in growth delays that can
not be compensated later in development (reviewed by Prior and Laster, 1979). If cells
needed for placenta formation and organ development are disturbed during hyperplasia
growth, then development could be delayed to a point to cause mortality. Thus,
providing evidence of the connection between slowed early development and
pregnancy loss during late embryo and fetal growth could possibly explain a portion of
the losses noted in the current thesis.
Furthermore, manipulation of the reproductive tract has been shown to increase
levels of PGF in circulation as soon as 10 minutes post manipulation and last up to 6
hours following both AI and ET. (Schallenberger et al., 1989; Wann and Randel, 1990;
Schrick et al., 1993; Scenna et al., 2005). This exposure during the early embryonic
period would allow for the interruptions in pregnancy establishment and progression
described above. In addition, a natural production of PGF occurs around day 30 in
response to placental attachment (Schallenberger et al., 1989). This production is not
pulsatile in nature as needed for luteolysis, but if previously exposed embryos were
already weakened, this second PGF exposure might compound negative effects and be
sufficient to cause fetal loss.
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Additionally, an effect of collection media treatment was noted to increase PRR
of frozen AL - treated embryos by 17% compared to the VEH - treated frozen embryos
(Figure 8). Cryopreservation has been shown to prevent calcium transportation across
the cellular membranes (reviewed by Auroux, 2000). Consequently, increased levels of
calcium within the cell has been shown to increase endonuclease activity causing DNA
fragmentation, a hallmark of apoptosis (Juengel, 1993; Rueda et al., 1995). Taken
together with the pro-apoptotic nature of PGF, it is not surprising to find this pattern of
loss in the VEH - treated frozen embryos. Similarly, the explanation of increased PRR
regardless of cryopreservation effects can be extended to these results as well.
Untreated embryos are now possibly experiencing compounding effects of PGF induced apoptosis (during transfer and at day 30) along with cryopreservation - induced
apoptosis. Therefore, an increased number of blastomeres experience cellular death
and thus prevent further embryonic/fetal development.
Production Traits
Of production traits evaluated, treatment with various collection media did not
alter gestation length, birth weight, sex ratio, weaning weight, and average daily gain
(ADG). However, ADG was lower for calves produced from frozen/thawed transfers
compared with calves originating from fresh transfers. Conflicting data are available in
the literature regarding effects of cryopreservation of in vivo-derived embryos of
laboratory animals, humans, and farm animals (reviewed by Dobrinsky, 2002). Within
this literature, contrasting results exist regarding daily gain of animals produced by
frozen embryos. Reports in mice and rabbits have shown similar ADG to what was
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observed in the current thesis (Cifre et al., 1994; Dulioust et al., 1995; Cifre et al., 1999;
Auroux, 2000), while others reported no differences in growth and development of pups
produced from frozen embryos (Maurer et al., 1977; Fogarty et al., 2000). Most notably,
Cifre and co-workers (1994; 1999) reported decreases in weaning weights and ADG of
rabbits produced from frozen embryos. Maurer and Haseman (1976) observed that
frozen embryos from rabbits resulted in fewer pregnancies compared to fresh transfers,
but once pregnancy was established, growth and development of both types of embryos
were comparable. The cryoprotectants used in these specific studies consisted of
dimethyl sulfoxide (DMSO) plus ethylene glycol (EG; Cifre et al.,1994; Cifre et al., 1999)
and only DMSO (Maurer and Haseman, 1976). This is in contrast to use of ethylene
glycol which is commonly used in bovine direct transfers. However, in rabbits, EG alone
resulted in fewer pregnancies compared to EG plus DMSO or DMSO alone (Vicente
and Garcia-Ximenez, 1994). These results serve as a reflective model of negative
effects of cryopreservation in the bovine, since decreased pregnancy rates have been
reported using EG in other species as well (Miyamoto and Ishibashi, 1977).
Potential evidence suggests that differences, in ADG as reported in this thesis,
may lie in the genotypic ability of individuals to respond to and over come negative
effects of cryopreservation. Long term effects of cryopreservation have been outlined
by Dulioust and co-workers (1995). In cattle, embryos are collected from donors on day
7 post insemination and then subjected to cryopreservation techniques. This time point
falls in line with the pattern of hyperplasia growth reviewed by Prior and Laster (1979).
Once cells undergoing growth via hyperplasia are negatively impacted, growth is
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permanently retarded and could carry over to postnatal growth. If we apply the rational
of individual responses, it is possible that some embryos are able to withstand these
negative impacts with little growth retardation, while others are affected more drastically.
While these effects are not sufficient to cause immediate mortality, long term
implications may affect growth of the individual animal during postnatal life.
Pregnancy diagnosis was performed during two gestational time points of prior to
and after day 60 of gestation, depending on location. Unfortunately, implications cannot
be drawn from these results due to only one diagnosis being performed without tracking
pregnancy viability to determine exact timing of loss. However, in general, more loss
occurred following pregnancy diagnosis during early gestation compared to diagnosis
during later gestation.
Conclusion
Pregnancy retention rates increased without affecting calf performance following
administration of the prostaglandin F2α receptor antagonist (AL 8810) to media during
embryo collections. Unfortunately, from the current database of 910 recipient females
that were confirmed to have established pregnancy, sufficient power was not obtained
to evaluate effects of stage and quality grade of transferred embryos to determine
impacts of the FPr antagonist. Nevertheless, results indicate that not only does AL
8810 improve PRR without sacrificing calf performance, but also increases in total
number of weaned calves resulting from addition of AL8810 to the collection media
(CCP; Figure 14). The final end product of any embryo transfer program should be
production of a live weaned calf. The impact that inclusion of a FPr antagonist may
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have on improving profitability by increasing total calf crop percentage (CCP) is
illustrated in Figure 14. Estimates of early embryonic pregnancy loss and late
embryonic/fetal loss were calculated from the results of Scenna et al. (2008) and the
current thesis. These estimates are presented as percent lost rather that percent
increase in pregnancy rate or PRR. Additionally, calf loss was calculated from the data
base used in the current thesis and reflects the percentage of calves that died during
postnatal growth. The unknown group reflects the percentage of calves that were born
alive but no weaning data were available in the current data base. It can be assumed
that these calves remained healthy and alive but were weaned early or sold along side
the recipient animal. Therefore, if we assume that the calves indeed did survive to
weaning age, we can include them in the CCP which reflects the percentage of live
calves available at weaning to be marketed. The comparisons of these are made
between embryos that were treated with the FPr antagonist compared to the control
group. This comparison reveals a two times increase in the amount of marketable
weaned calves (CCP combined with unknowns) from the use of an FPr antagonist.
Thus, this increase in calf crop percentage at weaning provides producers with the
ability to meet the goal of producing more marketable offspring. This advantage allows
producers to overcome a portion of the economic pitfalls that can occur with embryo
transfer programs and enable them to experience more stability with an embryo transfer
program.
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Figure 14. Breakdown of early embryonic loss, late embryonic/fetal loss, calf
loss, unknown, and calf crop percentage comparison between VEH- treated
and AL-treated embryos and calves produced from those embryos. Slices
within groups with different superscripts (a,b; P = 0.01) differ.
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